Introduction
Tuberculosis is still an important health problem in developing and also developed countries with significant morbidity and mortality rates. Approximately 30 million patients are treated because of tuberculosis in the world and 8 million new cases are added every year [1] . Tuberculosis involves mostly (nearly 50%) the spinal column in the musculoskeletal system [2] . Tuberculosis of the spine, which is called Pott's disease, has two major complications: kyphosis and neurological deficit.
The residual Pott's kyphotic deformity is 0±10°in 85%, 11°±30°in 12%, and more than 30°in 3% of the healed patients, and is located in the upper lumbar spine [2] . Sharp kyphosis deformity with a sagittal angle beyond 90°mostly occurs in children and is the cause of serious cardiovascular, respiratory, and psychological problems, as well as painful costo-pelvic impingement, and is the leading factor for the development of late onset paraplegia [3, 4] . Pott's kyphosis occurs primarily in the upper lumbar and lower thoracic spine [5] . There are only a few cases of sharp kyphopsis of the upper thoracic spine (T1-T4) reported, which are very difficult to correct because of the impingement of rib and sternum for either traditional two-stage anterior decompression and posterior fixation technique or single-stage posterior pedicle subtraction osteotomy (PSO).
Pott's paraplegia may occur during the course of, or years after the active disease [6, 7] . Early onset Pott's paraplegia has a remarkable improvement after surgical decompression [8] , while late onset Pott's paraplegia has a relatively poor prognosis [9] . Decompression surgery, whether anterior or via a costotransversectomy, performed on patients with severe spinal deformity carries risks, and is not successful in every case. It is more difficult to decompress the upper than the lower thoracic spine via the anterior or posterior approach, especially with a sharp kyphosis deformity with spinal cord thinning and T2-weighted MRI hyperintensity. In this study we aimed to give the results of surgical decompression and correction of five patients who were admitted with sharp kyphosis deformity with and without late onset Pott's paraplegia and evaluate the neurological prognosis after surgery.
Materials and methods
Five patients, including two men and three women with upper thoracic (T1-T4) severe short angular Pott's kyphotic deformity, were treated in our institution between 2006 and 2009. Among them, three patients suffered from a late onset neurological deficit ( Table 1 ). The mean age of these patients was 34 years (range 26-40). The active spine infection took place between five and nine years of age (mean 6.6 years). All of the patients had received antituberculous therapy for unknown periods. The mean kyphosis angle of the patients was 100°(range 95-105°).
All patients had problems related to the impingement of the ribs on the ileum.
All patients underwent CT scans to define the precise abnormalities and a 1.5-Tesla MRI to define cord compression and the extent of intramedullary signal intensity change by sagittal and axial planes, T1-weighted and T2-weighted MRI signal. The neurological status of all patients on admission and during follow-up was evaluated according to the International Standards for Neurological and Functional Classification of Spinal Cord Injury determined by ASIA-IMSOP [10] .
All patients underwent a posterior approach pedicle subtraction osteotomy (PSO) for decompression and kyphosis correction. All operations were performed by the senior author with somatosensory-evoked potential monitoring. All operations used methylprednisolone with 30 mg/kg 30 minutes before the decompressive procedure. Briefly, a posterior midline incision was made over the kyphotic spinous processes. Pedicle screws were inserted into several segments above and below (typically three pairs, respectively) the vertebral levels to be resected. After removing the posterior elements, including the spinous processes, laminae, facet joints and transverse processes, a high-speed drill was used for decancellation through the pedicle as an 'eggshell' technique until a thin wall of cortical bone at the anterior, lateral, and posterior parts of the vertebra were left, which were then collapsed under pressure laterally. A dome decompression is then performed by obliquely resecting the underlying part of residual proximal and distal laminar edges to enlarge the vertebral canal as to avoid injuring the spinal cord when closing the resection gap. The kyphotic spine was then corrected through rods with gradual segmental compression. The residual autogenous bone could then be placed to obtain a 
Results
The clinical data are summarized in Table 1 . MRI showed that three neurological deficit patients had a reduced spinal cord diameter at the apex. The cord thinning was 80-90% in these three patients. For the ASIA C patient, the spinal cord tissue could not even be seen at the apex on MRI and abnormalities in the central cord were highlighted by isointense signals on T1-weighted sequences and hyperintensity on T2-weighted sequences. The spinal cord compression was from anterior bone and soft tissue. The mean duration of surgery was 260 min (range 210-400 min); the average intraoperative blood loss was 2,100 ml (range 1,100-4,400 ml). The mean preoperative kyphosis was 100°. The mean kyphosis in the immediate postoperative period was 75°(range 70-80°). No early post-operative complications were encountered. No fusion problem related to the graft size or placement was encountered in all patients.
Preoperative and postoperative neurological statuses of the patients are given in Table 1 . In five patients, two patients without paraplegia did not encounter neurological complication. Two ASIA D paraplegics remained unchanged and no further improvement was found at one year follow-up. The remaining ASIA C paralysis deteriorated neurologically to ASIA B after surgery and persisted to deteriorate in neurological status by the one year follow-up.
Illustrative case 1 (Patient 1) (Fig. 1) A 43-year-old woman was admitted with progressive bilateral upper limb weakness and unsteadiness that had been present for five years. She suffered thoracic tuberculosis when she was six years old and had antituberculous therapy for unknown periods. She developed upper thoracic sharp kyphoscoliosis within a period of 9-38 years without any medical care after the active disease had healed. Neurological examination revealed bilateral lower limb weakness (ASIA grade C), although sensory function in the limbs was relatively well preserved. Lateral plain radiographs showed a 105°thoracic sharp scoliosis with apex at T3/4. A CT scan and an MRI revealed spinal cord compression at the apex with a 90% cord thinning and a high signal intensity of the central cord. Prior to surgery she walked aided with crutches. The patient was managed with PSO for decompression and kyphosis correction. Postoperatively, the kyphosis was corrected to 80°. However, the patient deteriorated neurologically to ASIA B in the immediate post-operative period. She showed no neurological improvement at one year follow-up even after standard methylprednisolone and hyperbaric oxygen therapy.
Discussion
Late onset paraplegia may occur decades after the initial disease [11] [12] [13] [14] . The cause of late onset Pott's paraplegia is a sharp kyphosis deformity, which is the outcome in some patients. There are a few papers addressing Pott's paraplegics complicated by severe spinal deformity [2, 12, 13] . However, to our knowledge, only ten upper thoracic Pott's paraplegia cases are reported in English literature [15] [16] [17] . The long-standing sharp kyphosis in some cases could be the cause of paraplegia by compression of the spinal cord by healed bony bars, calcified caseous material, fibrosis, and increasing deformity at the internal kyphsis [7] . The distraction of the spinal cord in the kyphotic area may cause ischemia, atrophy and gliosis. Both the effects of this distraction and the direct compression of the spinal cord may be the cause of the paraplegia [11] . Three paraplegia patients in our series had an 80-90% reduced spinal cord diameter at apex. The first case showed abnormalities in the central cord. This is a pathological basis for the paraplegia.
Surgical decompression and fusion is the treatment of choice for late onset Pott's paraplegia for all authors. The anterior and lateral costotransversectomy approach for patients with severe spinal deformity carries risks, and is not successful in every case, especially for upper thoracic severe deformity because of the impingement of rib and sternum. All patients in our series underwent the PSO procedure for decompression, because it is valuable not only for kyphosis correction and fixation but also has little risk of respiratory failure compared with using the anterior approach. However, correction of the sagittal deformity is a matter of controversy. Some authors try to achieve a correction of the deformity [3, 18, 19] , while others leave the deformity untouched because of the high neurological complication rates [7, 9] . We attempted to correct the deformity in these cases because it may help cardiovascular and respiratory function. Although the mean kyphosis correction was only 25°for our cases, all patients were satisfied postoperatively.
It has been reported that late onset Pott's paraplegia has a relatively poor prognosis compared with early onset paraplegia [9] . The neurological status of some Pott's paraplegic patients with severe spinal deformity became worse or remained unchanged either in the Frankel scale or in motor scores after decompression surgery [11, 13] . Several factors influence the neurological recovery rate in late onset Pott's paraplegics, such as the patient's general condition; age; the condition of the spinal cord; the level, duration and severity of paraplegia; the time of onset before the initiation of treatment; type of treatment; and the patient's drug sensitivity [13, [20] [21] [22] [23] . Case 1 in our series revealed spinal cord compression at apex with 90% cord thinning, and high signal intensity of the central cord, which deteriorated neurologically from ASIA C to B after surgery. Thus we believe the condition of the spinal cord is the most important factor for late onset Pott's paraplegics. Once MRI reveals an atrophic spinal cord condition, although an adequate decompression is achieved the results of that decompression cannot be certain. Although timing of the surgical intervention after the beginning of symptoms of late neurological involvement is still controversial [2, 7] , we suggest decompressive surgery should be performed for severe upper thoracic Pott's kyphotic deformity patients even without neurological deficit to prevent future late onset paraplegia.
Conclusion
Upper thoracic sharp Pott's kyphosis is an uncommon disease, but it can develop neurological deficits progressively. The cord and peridural conditions may be poor with the increasing kyphosis angle. The PSO procedure for decompression is valuable not only for kyphosis correction and fixation but also because there is little risk of respiratory failure. Once the signs of neurological dysfunction appear, complete recovery may be impossible after decompressive surgery. Early decompression and fusion is usually necessary to prevent progression of Pott's kyphosis and late onset of paraplegics.
